Introduction
============

The association between cancer and vascular thrombosis has been known since 1865 when Trousseau reported an association between migratory thrombophlebitis in patients with malignancy.[@b1-cmar-5-165] During the last two decades, there has been a great interest in investigating this relationship. The increased risk of thrombosis in cancer patients tends to correlate well with advanced stage of disease, increased tumor volume, and prolonged hospitalization.[@b2-cmar-5-165] The syndrome is associated with a poorer prognosis than in matched cancer patients without thrombosis.[@b3-cmar-5-165],[@b4-cmar-5-165]

The overall prevalence and clinical outcome of such disorders in cancer patients have been largely based on a cohort of studies in patient populations at risk, hospital-based statistics, and retrospective studies in selected groups of patients. Such coagulation disorders have rarely been assessed in a large cohort of patients seen and followed at a regional cancer center. Further, the role of ethnic background and genetic factors in the prevalence of these disorders has been evaluated infrequently. In the present study, the frequency of various types of thrombosis in cancer patients was investigated, factors that predispose them to clot formation were determined, the potential relationship with inherited thrombophilia was examined, and these factors were correlated with subsequent survival.

Materials and methods
=====================

Data collection
---------------

The medical records of cancer patients previously seen and closely followed by the author were retrospectively reviewed, with special emphasis on the incidence and consequences of thromboembolic events, risk factors for thrombus formation, and subsequent survival. The study included all consecutive adult patients with histologically confirmed malignancy, with the exception of nonmelanoma skin cancer and carcinoma in situ of the uterine cervix. All data collected were de-identified of any patient identification to comply with the Health Information Protection Act. The study was approved by the institutional review board at St Rita's Medical Center.

Data grouping
-------------

Patient age was estimated based on the initial clinic visit. Elderly patients were defined as being aged ≥65 years. Ethnic background was categorized as Caucasian, Native American Indian (from both parents), African American, and others. Smoking status was categorized as nonsmoking, mild smoking (≤29 pack-years), and heavy smoking (\>30 pack-years). Body mass index (BMI, kg/m^2^) was categorized as underweight (\<18.4), normal (18.5--24.9), and overweight (\>25). Primary tumor site was classified as head and neck (including brain and thyroid), breast, lung (and pleura), gastrointestinal, hepatobiliary (including pancreas), gynecologic and genitourinary, lymphoma, hematologic, dermatologic, and others. Stage of disease was defined according to the American Joint Committee of Cancer Staging Classification (Seventh Edition, 2010). Patients with acute leukemia were considered to be stage IV. Other cancer types for which there is no defined staging system were categorized as stage I if localized, stage II if there was regional lymph node involvement, stage III if locally or regionally advanced, and stage IV if there was evidence of distant metastases.

For patients with multiple malignancies, the date of the first primary diagnosis was considered to be the date of initial diagnosis, and the most advanced stage of any primary site was recorded as the stage of disease. Patients were questioned about any previous history of thromboembolic events, and closely followed for such a possibility. Only patients with clinical manifestation and/or radiologic evidence of deep venous thrombosis, pulmonary embolism, a combination of deep venous thrombosis and pulmonary embolism, or other thrombotic manifestations were considered to have had thromboembolic events. For patients with recurrent thrombosis, the date of initial vascular thrombosis was considered to be the date of thrombosis.

Patients were considered to have cancer-related thromboembolic events if they developed vascular thrombosis 3 months before or at any time after initial diagnosis of cancer, and were categorized into venous or arterial thrombosis. Time to vascular thrombosis was measured from initial histologic diagnosis of cancer to the date of initial vascular thrombosis. The final status of the patient, whether alive or dead, was recorded. Survival following thrombosis was calculated from the date of initial thrombus formation, and overall survival from the date of initial histologic diagnosis of cancer until the day of death, or if the patient was confirmed to be alive by the end of December 2012.

Only patients who agreed to genetic testing for thrombophilic susceptibility had blood drawn for factor V Leiden mutation, prothrombin-20210G\>A, methylenetetrahydrofolate reductase (MTHFR)-A1298c, and MTHFR-c677t gene mutation studies. Patients with one or more abnormal genes were considered to have defective gene(s), and the cumulative number of abnormal genes in all studies was calculated (cumulative gene mutations), with consideration of homozygous gene mutation as two defective genes.

Management of thrombosis
------------------------

All patients with thrombosis were treated according to standard guidelines. For deep venous thrombosis and pulmonary embolism, they received heparin products (unfractionated heparin or low molecular weight heparin) for 3--5 days followed by warfarin for 3 months in the case of deep venous thrombosis, 6 months for pulmonary embolism, and indefinitely if thrombosis was recurrent or if the patient had inherited thrombophilia. Long-term anticoagulant therapy with low molecular weight heparin was not generally practiced because of financial constraints for most patients. Vena caval filters were inserted in a few patients (n = 64, 25%) when anticoagulant therapy was not tolerated or contraindicated. Patients with other thrombotic episodes were treated less aggressively with aspirin, clopidogrel, or supportive care. For catheter-related thrombophlebitis, the catheter was removed and anticoagulant therapy was administered if there was evidence of concomitant deep venous thrombosis.

Statistical analysis
--------------------

Differences between categorical groups were tested using the Pearson Chi-square test. Analysis of variance was used to analyze the differences between means of continuous variables, such as age in years, and expressed as the mean ± standard deviation. The Chi-square test was used to examine the relationship between qualitative variables. Odds ratios and their 95% confidence intervals were used for risk estimation. Multivariate analysis was done using the logistic regression method for significant factors affecting outcome variables on univariate analysis. The full cohort of patients was used in the multivariate method. Factors influencing survival were estimated by Kaplan-Meier survival analysis, and the log-rank test was used to compare the distribution of survival between groups. In all analyses, a two-sided *P*-value less than 0.05 was considered to be statistically significant. Missing data were deleted from the analysis. Statistical analysis was conducted using Statistica version 10 software (Stat Soft Inc, Tulsa, OK, USA). Multivariate regression analysis was analyzed using the Statistical Package for the Social Sciences advanced statistics version 20 software (IBM, Armonk, NY, USA).

Results
=======

Incidence of thrombosis
-----------------------

Between January 2005 and December 2012, of 1874 consecutive cancer patients with histologically confirmed malignancies, 307 (16.4%) had vascular thrombosis at some time during their lifetime. Thirty-seven (2%) patients developed thrombosis 6.6 months to 47.8 years prior to development of cancer, with no recurrent thrombosis afterwards, regardless of cancer therapy or disease status, and were considered to be unrelated to development of cancer. The remaining 270 (14.4%) patients developed thrombosis 3 months before or at any time after histologic diagnosis of cancer. They were considered to have cancer-related thrombosis, and included four patients who developed recurrent thrombosis as the first clinical manifestation of development of a second cancer 3.4--5 months prior to histologic diagnosis of cancer. Patients with cancer-related thrombosis included 230 (12.3%) with venous thrombosis, 28 (1.5%) with arterial occlusion, and 12 (0.6%) with combined venous and arterial thrombosis. Demographic data on patients with cancer-related thrombosis in comparison with other cases without thrombosis are shown in [Table 1](#t1-cmar-5-165){ref-type="table"}. Clinical presentation of thrombosis in cancer patients is outlined in [Table 2](#t2-cmar-5-165){ref-type="table"}, and the outcome of thrombophilic studies in cancer patients with and without thrombosis is mentioned in [Table 3](#t3-cmar-5-165){ref-type="table"}. The timing of vascular thrombosis relative to the initial diagnosis of cancer for patients with cancer-related thrombosis is shown in [Figure 1](#f1-cmar-5-165){ref-type="fig"}.

Cancer-related thrombosis
-------------------------

Among patients with cancer-related thrombosis, 194 (10.4%) cases developed venous thromboembolic events in the form of deep venous thrombosis, pulmonary embolism, or a combination of deep venous thrombosis and pulmonary embolism. Thirty-six (1.9%) patients developed thrombosis at other venous sites, such as superficial phlebitis (23, 1.2%) or intra-abdominal venous occlusion (13, 0.7%). Twenty-eight (1.5%) patients had arterial vascular occlusion in the form of cerebrovascular thrombosis leading to stroke (n = 22), myocardial ischemia with anginal symptoms (n = 2), celiac artery occlusion with ischemic colitis (n = 1), and peripheral arterial occlusion with impending limb gangrene (n = 3). Twelve (0.6%) patients developed both venous and arterial thrombosis, either concurrently (six cases), or sequentially (six patients, range 1--36 months), mainly in the form of deep venous thrombosis and/or pulmonary embolism, in addition to arterial occlusion of the radial, femoral, or popliteal arteries (five, 0.3%), prior to or following massive stroke (five, 0.2%), and mesenteric artery occlusion with or without portal vein thrombosis (two, 0.1%).

Patients with combined venous and arterial thrombosis had a mean survival (± standard deviation) following thrombosis of 22.7 ± 26.3 months versus 23.2 ± 31.1 months for arterial thrombosis and 29.8 ± 38.7 months for venous thrombosis. However, there were no differences in survival between the three groups (*P* = 0.31130). Due to their small number, they were included among patients with arterial thrombosis ([Table 2](#t2-cmar-5-165){ref-type="table"}). When cancer patients with venous thrombosis were compared with cancer patients with arterial thrombosis, there were no statistically significant differences. However, patients with venous thrombosis were relatively overweight, had mild or no atherosclerosis, and were mostly at an advanced stage of disease, while cases of arterial occlusion commonly had advanced atherosclerosis ([Table 1](#t1-cmar-5-165){ref-type="table"}). Survival following thrombosis and overall survival following diagnosis of cancer for both groups were also similar ([Table 2](#t2-cmar-5-165){ref-type="table"}, [Figures 2](#f2-cmar-5-165){ref-type="fig"} and [3](#f3-cmar-5-165){ref-type="fig"}).

Clinical presentation of thrombosis
-----------------------------------

Of 104 patients with deep venous thrombosis, 59 (36.7%) had venous thrombosis involving the lower limbs, 34 (32.7%) involving the upper limbs, six (5.8%) involving both upper and lower limbs, and five (4.8%) had undetermined involvement. For patients with lower limb thrombosis, 35 (33.7%) had thrombosis at the distal (peroneal or popliteal) veins, 18 (17.3%) had thrombus extension into the proximal veins (femoral veins, 16; iliac veins, one; and inferior vena cava, one), and six (5.8%) had thrombosis at the proximal veins without distal involvement, ie, at femoral veins (n = 4) and femoral to iliac veins (n = 2). For patients with upper limb thrombosis, nine (8.7%) had thrombosis at distal veins (basilic vein), extending into brachial veins (n = 2), up to subclavian veins (n = 6), or to superior vena cava (n = 1); while 16 (15.4%) had proximal vein thrombosis without distal involvement mainly at axillary vein (n = 1), axillary to subclavian (n = 4), jugular veins (n = 7), subclavian vein to superior vena cava (n = 2), and at the superior vena cava (n = 2). There was no statistically significant difference in survival according to the site of thrombosis (*P* = 0.21158, [Figure 4](#f4-cmar-5-165){ref-type="fig"}).

Ethnic background may play a role in the location of venous thromboembolism. In 259 cancer patients with thrombosis, 21 (9.3%) of 227 with Caucasian ancestry developed pulmonary embolism and 57 (25.1%) developed pulmonary embolism combined with deep venous thrombosis. In comparison, of 23 patients with African American ancestry, four (17.4%) developed pulmonary embolism and another four (17.4%) developed pulmonary embolism in combination with deep venous thrombosis. None of the nine patients from other ethnic groups had pulmonary embolism. This raises the possibility that cancer patients of African American ancestry have a greater tendency to develop pulmonary embolism than other ethnic groups. However, the numbers in this study were too small to be of statistical significance (*P* = 0.35347)

Of 94 patients who developed pulmonary embolism, either without concomitant deep venous thrombosis (27 cases, 28.7%) or in combination with other clotting episodes (67 patients, 71.3%), three (3.1%) died of pulmonary embolism ([Tables 1](#t1-cmar-5-165){ref-type="table"} and [2](#t2-cmar-5-165){ref-type="table"}).

Incidental venous thromboembolism was found in three patients with gonadal vein thrombosis and one case with a tiny asymptomatic pulmonary embolism. None of these patients was treated with anticoagulant therapy. Unexpected venous thromboembolism was found in 12 patients. Eleven patients presented with abdominal pain and a computed tomography scan showed mesenteric vein thrombosis (five patients) or portal vein thrombosis (five patients), and one patient had splenic vein thrombosis. Splenic vein thrombosis was also seen during surgery in one patient.

With regard to laboratory studies that may be related to thrombosis, D-dimer is suggested to be a sensitive marker. In the present study, almost all patients with acute thrombosis that were previously tested, had elevated D-dimer levels. However, it was difficult to identify a cutoff level because tests were performed at different laboratories. Elevated white blood count as well as low hemoglobin are common in cancer patients with and without thrombosis, but these parameters were not adequately investigated in the present study.

Mean survival (± standard deviation) following cancer-related thrombosis was 28.8 ± 37.5 months, with a median of 16.2 months. For the same group, the mean overall survival following initial diagnosis of cancer was 85.1 ± 109.7 months, with a median of 44.9 months. At a mean follow-up of 5.3 ± 9.29 (range 0--58.3) months in 270 patients with cancer-related thrombosis, 90 (33.3%) with thrombosis were still alive and 180 (66.7%) had died. Of the 47 (20.4%) patients who died within 3 months of venous thrombosis, 43 (91.5%) died from cancer progression, one (2.1%) secondary to therapy, one (2.1%) from pulmonary embolism, one (2.1%) from age-related medical conditions, and two (4.3%) of other causes. Incidentally, in the 37 cancer patients with a history of thrombosis, none died in the 3 months following thrombosis.

The worst survival rate was found in cancer patients who developed thrombosis within 3 months prior to or after diagnosis of cancer (median 13.5 months) or more than 3 months after diagnosis of cancer (median 18.5 months), with no statistically significant difference found between both groups (*P* = 0.16946), versus cancer cases with a history of thrombosis (a median of 214 months), (*P* \< 0.0001), ([Figure 5](#f5-cmar-5-165){ref-type="fig"}).

Thrombosis versus no thrombosis
-------------------------------

When patients with cancer-related thrombosis were compared with those without thrombosis, there were no differences with regard to gender or smoking status. However, patients with thrombosis were predominantly elderly, of Caucasian ancestry, relatively obese, with lung, genitourinary, gynecologic, gastrointestinal primaries, and were in advanced stages of the disease ([Table 1](#t1-cmar-5-165){ref-type="table"}). On multivariate logistic regression analysis of cancer patients with and without thrombosis, after adjustment for the above-mentioned risk factors, only advanced stage of malignancy and presence of severe peripheral vascular disease were important risk factors for thrombosis, while patients with cachexia and marked weight loss were less likely to develop thrombosis ([Table 4](#t4-cmar-5-165){ref-type="table"}). However, the number of patients with lower BMI was relatively small (61 cases), compared with patients who were overweight (1024 patients). With regard to overall survival following initial diagnosis of cancer, the median survival was 44.9 months for patients with cancer-related thrombosis compared with 49.2 months for those without thrombosis (*P* \< 0.0001, [Figure 5](#f5-cmar-5-165){ref-type="fig"}). However, these groups were not comparable, especially in regard to age, ethnic background, prevalence of atherosclerosis, BMI, primary tumor site, or stage of malignancy ([Table 1](#t1-cmar-5-165){ref-type="table"} and [Figure 6](#f6-cmar-5-165){ref-type="fig"}).

Cancer patients with a history of thrombosis unrelated to malignancy had different survival times following initial diagnosis of cancer compared with cases with cancer-related thrombosis and cases without thrombosis, (*P* \< 0.0001) with a significantly worse prognosis than those without thrombosis (*P* = 0.00999, [Figure 6](#f6-cmar-5-165){ref-type="fig"}).

Role of thrombophilic testing
-----------------------------

In total, 166 patients had one or more genetic tests aimed at detecting gene mutation for factor V Leiden, prothrombin-20210G\>A, MTHFR-A1298c, and MTHFR-c677t genes or their combination. There were no differences between patients with venous or arterial thrombosis or between cancer patients with and without thrombosis ([Table 2](#t2-cmar-5-165){ref-type="table"}). The only differences were among patients of Caucasian ancestry versus other ethnic groups. The incidence of thrombosis was much higher in Caucasian cancer patients (259 of 1481, 17.5%), compared with other ethnic groups (35 of 276, 11.3%, *P* = 0.0069). In the present study, the prevalence of gene mutation for factor V Leiden, prothrombin-20210G\>A, MTHFR-A1298c, and MTHFR-c677t among cancer patients of Caucasian ancestry with thrombosis was much higher (9.7%, 6.3%, 54.2%, and 56.5%, respectively) compared with those previously published for the Caucasian population without cancer (4.1%--8.5%, 1%--3.9%, 31.5%--40%, and 25.3%--40%, respectively), and also compared with African and Asian populations, where factor V Leiden and prothrombin-20210G\>A mutations are extremely rare or nonexistent.[@b5-cmar-5-165]--[@b7-cmar-5-165] When abnormal genes were added (cumulative gene mutation), of 136 cancer patients with Caucasian ancestry, 43.7% had one gene mutation and 44.9% had two or more gene mutations, with an overall quantitative gene mutation rate of 87.5%, compared with 36.4%, 18.2%, and 54.5%, respectively, for 11 patients of other ethnic backgrounds (*P* = 0.01021).

Discussion
==========

Incidence of thrombosis in cancer patients
------------------------------------------

Large population-based studies have shown that cancer patients have a 4--7-fold increased risk of developing venous thromboembolism compared with those without cancer.[@b8-cmar-5-165],[@b9-cmar-5-165] The rate of cancer-related thrombosis varies widely between published reports, from 0.6% to more than 18% depending on the type of study population, duration of follow-up, definition of thromboembolic events, and active versus passive ascertainment.[@b9-cmar-5-165]--[@b13-cmar-5-165] The actual incidence may be even higher, exceeding 50% in autopsy series.[@b13-cmar-5-165],[@b14-cmar-5-165] In a large cohort study of neutropenic cancer patients, venous thromboembolism was reported in 5.4% and arterial thrombosis in 1.5% of patients.[@b15-cmar-5-165] In the present study, there was a 10.4% incidence of venous thromboembolism, a 1.9% incidence of other venous thrombosis, a 1.5% incidence of arterial thrombosis, and a 0.6% incidence of combined venous and arterial thrombosis.

Clinical presentation and risk factors
--------------------------------------

Venous and arterial thrombosis in cancer patients are clinical manifestations of a multifactorial systemic disease and related to several risk factors, particularly with regard to patient characteristics, cancer characteristics, and type of therapy administered.

Elderly patients are much more prone to vascular thrombosis. In the present study, patients with thrombosis were predominantly elderly, unlike those without thrombosis. However, this difference was not statistically significant.

The incidence of vascular thrombosis in the general population varies greatly according to ethnic background, with an adjusted standardized incidence rate of 141 per 100,000 for African Americans, 104 for Caucasians, 55 for Hispanics, 33.1 for Native American Indians, and a similar rate for Pacific Islanders.[@b7-cmar-5-165] For the Caucasian population, genetics account for up to 60% of the risk of thrombosis.[@b6-cmar-5-165] For those with African American ancestry, the risk may be related to sickle cell trait, compound heterozygous hemoglobinopathy, or other unidentified genes.[@b6-cmar-5-165] For Native American Indians, who genetically have Asian ancestry,[@b16-cmar-5-165] and those of direct Asian ancestry, the most representative risk factor is deficiency in natural coagulation inhibitors.[@b6-cmar-5-165] In the present study, Caucasians accounted for the majority of cancer patients with thrombosis. Further, although single thrombophilia testing was not helpful in predicting patients with thrombosis, the cumulative gene mutation rate was significantly higher in Caucasian patients compared with other ethnic groups, supporting the possibility of genetic factors being involved in thrombus formation among cancer patients of Caucasian ancestry.

Several large prospective studies have correlated obesity with an increased risk of postoperative venous thromboembolism and subsequent death.[@b17-cmar-5-165] In the present study, the majority of cancer patients with thrombosis were relatively overweight compared with cases without thrombosis. Obesity was not a major risk factor for thrombosis in multivariate regression analysis. However, patients with weight loss and a lower BMI were less prone to thrombosis.

The rate of thrombosis in cancer patients differs greatly according to the primary site, with the highest prevalence in patients with cancer of the liver, pancreas (about 4%), ovary, brain, kidney, stomach, lung, and lymphatic system, compared with bladder and head and neck cancers (about 1%).[@b9-cmar-5-165],[@b18-cmar-5-165] In the present analysis, a similar trend was also noticed, although with different percentages.

Metastatic disease at the time of initial diagnosis is associated with a 1.4--21.5-fold higher risk of thrombosis compared with localized malignancies, and the incidence of thrombosis increases with advancing stages of cancer.[@b19-cmar-5-165],[@b20-cmar-5-165] In the present study, the stage of cancer was the most important risk factor for cancer-related thrombosis in regression analysis (*P* ≤ 0.001).

With regard to cancer therapy, surgical intervention increases the risk of thrombosis, and may reach nearly 13-fold after major trauma requiring hospitalization and surgical intervention.[@b21-cmar-5-165] The risk of thrombosis following chemotherapy varies from 2.5% to 12.5%, depending on type of therapy and presence of other risk factors, with a higher prevalence of arterial thrombosis.[@b22-cmar-5-165] Such arterial thrombosis is much more common after treatment with antiangiogenic agents,[@b8-cmar-5-165],[@b19-cmar-5-165],[@b22-cmar-5-165] cisplatinum-based chemotherapy regimens,[@b23-cmar-5-165] anti-epidermal growth factor receptors,[@b24-cmar-5-165] and hormone therapy in patients with breast and prostate cancers.[@b25-cmar-5-165] In the present analysis, the type of therapy was an important risk factor for thrombosis, but did not reach statistical significance in the regression model.

Time elapsed from diagnosis of cancer to thrombosis is known to be an important issue. In a large population-based, case-control study, patients with cancer had a significantly increased risk of vascular thrombosis, particularly during the first 3--6 months after diagnosis of cancer.[@b8-cmar-5-165],[@b9-cmar-5-165] In the current study, most cases of thrombosis were diagnosed in a similar time frame, ie, between 3 months before and 6 months after diagnosis of cancer.

Most reports refect the incidence of venous thromboembolic events, particularly deep venous thrombosis and pulmonary embolism. It was thought that risk factors for venous thrombosis and arterial thrombosis are different, but it is now accepted that vascular thrombosis, especially in cancer patients, is a systemic disease and the risks for both venous and arterial thrombosis are similar.[@b26-cmar-5-165]--[@b28-cmar-5-165] In a major placebo-controlled study of the use of rosuvastatin for 2 years, use of the active medication led to a 43% reduction in risk of venous thromboembolism compared with the control group.[@b26-cmar-5-165],[@b29-cmar-5-165] In the present analysis, the risks for both venous thrombosis and arterial thrombosis were similar, except for obesity and advanced stage of cancer, both of which potentiate the risk of venous thrombosis, while generalized and severe atherosclerosis precipitates arterial occlusion. Survival following thrombosis, overall survival after diagnosis of cancer, and 3-month mortality rates were also similar. This may confirm the concept of cancer-associated hypercoagulation as a mediator for both venous thrombosis and arterial thrombosis and underscores the importance of cardiac and cerebrovascular risk factors in patients with cancer.

Site of thrombosis
------------------

Most patients with cancer-related thrombosis present with deep venous thrombosis affecting the lower limb. Deep venous thrombosis affecting the upper extremities has been considered to be a rare condition, accounting for 1%--4% of all deep venous thromboses.[@b30-cmar-5-165] However, over the last two decades, with use of central venous catheters and implantable venous access ports, the incidence has markedly increased, with higher morbidity and mortality.[@b31-cmar-5-165] In the present study, venous thrombosis of the upper extremity accounted for 25.7% of all venous thrombotic episodes, with no difference in survival compared with other sites of thrombosis.

Role of thrombophilia
---------------------

Patients with cancer have a 6--7-fold increased risk of vascular thrombosis compared with those without cancer.[@b9-cmar-5-165] Recently, it has become clear that genetic mechanisms responsible for neoplastic transformation either via the activation of oncogenes (such as *RAS* or *MET*) or inactivation of suppressor genes (such as *p53* or *PTEN*) directly induce the expression of the genes controlling hemostasis.[@b32-cmar-5-165] Activation of coagulation confers a selective survival advantage for tumor cells, and the interplay between tumor and hemostasis persists for many years, even after successful therapy and cure.[@b32-cmar-5-165] Such a thrombophilic state in cancer presents as a systemic disorder linked to chronic, low-grade disseminated intravascular coagulation, with thrombotic episodes occurring alone or in the presence of disseminated intravascular coagulation, at different levels of expression in the majority of patients with malignancies.[@b32-cmar-5-165],[@b33-cmar-5-165] This was partly supported in a recent study on 1178 cancer patients. An elevated D-dimer level was reported in 74.2% of those patients, with subsequent shorter survival for cases having higher levels of D-dimer.[@b33-cmar-5-165]

Several genetic abnormalities are currently identified to be major risk factors for vascular thrombosis, particularly factor V Leiden and prothrombin-20210G\>A, and to a lesser extent, methyltetrahydrofolate reductase (MTHFR-A1298c and MTHFR-c677t). However, their role in causing thrombosis, particularly in cancer patients, is still controversial.

Other hereditary polymorphisms not yet discovered, and/or environmental factors may also contribute to thrombosis in cancer patients.[@b5-cmar-5-165] This was evident in a recent genome sequencing study in multiple myeloma patients which revealed several new oncogenic mechanisms, as well as mutation in genes involved both in blood coagulation as well as initiation of myeloma.[@b34-cmar-5-165] Thus, genetic variation may be responsible for both thrombosis and cancer development. In the present study, testing for any particular gene was not helpful in predicting patients at high risk for thrombosis. However, among cancer patients of Caucasian ancestry, the prevalence of gene mutations was much higher compared with those previously published for the general population. Further, quantitative gene mutations were much higher in cancer patients of Caucasian ancestry compared with other ethnic groups. Multiple testing for quantitative gene mutations or genomic sequencing of cancer patients may be more accurate in defining cases at higher risk of thrombosis.

Impact on survival
------------------

Survival of cancer patients following thrombotic episodes is less defined, because most reports were derived from registries with limited follow-up. Most studies have demonstrated that the presence of venous thromboembolism in patients with cancer is an independent predictor of poor survival,[@b3-cmar-5-165],[@b4-cmar-5-165],[@b18-cmar-5-165] with virtually all patients being dead within 6 months after thrombosis (1988--1990),[@b35-cmar-5-165] a one-year survival of 12% (1977--1992),[@b3-cmar-5-165] and a median survival of 13.5 months, with survival rates at 6 months and 1, 2, and 5 years of 64%, 53%, 43%, and 33%, respectively (1997--2006)[@b36-cmar-5-165] and 3-month mortality rate following thrombosis of 7.9%, potentially related to pulmonary embolism in 1.4% (2001--2010).[@b37-cmar-5-165] In the present study, conducted in the years 2005--2012, the median survival following venous thrombosis was 16.7 months, and survival rates at 6 months and 1, 2, and 5 years were 96.8%, 93.4%, 90.0%, and 43.4%, respectively. The 3-month mortality rate following venous thrombosis was 20.4%, and mortality was mainly due to progression of cancer (91.5%) or development of pulmonary embolism (2.1%). The improved survival and reduced deleterious impact of pulmonary embolism may be related to improved cancer therapy outcomes during the last two decades.

Limitations
-----------

This study, being a retrospective analysis of a limited number of patients participating in thrombophilic studies, has several limitations. It explores the outcome of a heterogeneous group of patients at different stages of malignancy who were receiving different types of cancer therapy. Further, with such variation in the incidence of thrombophilic factors, our findings may not necessarily be applicable to other populations of different ethnic composition. Consequently, unexpressed bias may exist. However, our study has significance despite these limitations. Its main strength is inclusion of all patients seen and followed closely in a single practice setting, ie, a real world situation that provides a representative picture of cancer patients with and without thrombosis. It defines the relative incidence of thrombosis among cancer patients of various ethnic groups, and shows the importance of not only venous thrombosis but also arterial occlusion as causes of higher morbidity. With the present active therapy for malignancy and the management of thrombosis, the subsequent survival of cancer patients with and without thrombosis is expected to show further improvement.
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Demographic data on cancer patients with and without thrombosis

  Demographic data          Cancer-related thrombosis   Cancer without thrombosis                            
  ------------------------- --------------------------- --------------------------- ---------- ------------- ----------
  Patients                  230                         40                                     1567          
  Age                                                                                                        
   ≤64 years                97 (42.2)                   12 (30.0)                   0.14751    734 (46.8)    0.04876
   ≥65 years                133 (57.8)                  28 (70.0)                              833 (53.2)    
  Gender                                                                                                     
   Male                     93 (40.4)                   17 (42.5)                   0.80619    605 (38.6)    0.50696
   Female                   137 (59.6)                  23 (57.5)                              962 (61.4)    
  Ethnicity                                                                                                  
   Caucasian                194 (87.0)                  33 (91.7)                   0.85611    1222 (81.6)   0.02493
   African American         21 (9.4)                    2 (5.6)                                206 (13.8)    
   Native American Indian   7 (3.1)                     1 (2.8)                                36 (2.4)      
   Others                   1 (0.5)                     0                                      34 (2.3)      
  Smoking                                                                                                    
   None                     97 (45.3)                   11 (29.7)                   0.01339    610 (40.9)    0.23634
   Mild                     49 (22.9)                   5 (13.5)                               396 (26.5)    
   Heavy                    68 (31.8)                   21 (56.8)                              486 (32.6)    
  Atherosclerosis                                                                                            
   None                     136 (59.1)                  10 (25.0)                   \<0.0001   1019 (65.0)   \<0.0001
   Cardiovascular           53 (23.0)                   7 (17.5)                               342 (21.8)    
   Peripheral vascular      7 (3.0)                     3 (7.5)                                43 (2.7)      
   Cerebrovascular          12 (5.2)                    11 (27.5)                              59 (3.8)      
   Generalized/severe       22 (9.6)                    9 (22.5)                               104 (6.6)     
  BMI                                                                                                        
   Underweight              2 (1.0)                     2 (6.7)                     0.07946    65 (4.9)      0.09487
   Normal BMI               63 (31.5)                   10 (33.3)                              405 (30.8)    
   Overweight (obese)       135 (67.5)                  18 (60.0)                              845 (64.3)    
  Primary site                                                                                               
   Breast                   56 (24.4)                   7 (17.56)                   0.56472    591 (37.7)    0.00013
   Lung                     38 (16.5)                   10 (25.0)                              221 (14.1)    
   GU/GY                    43 (18.7)                   6 (15.0)                               188 (12.0)    
   Gastrointestinal         23 (10.0)                   5 (12.5)                               136 (8.7)     
   Hematologic              22 (9.6)                    2 (5.0)                                110 (7.0)     
   Lymphoma                 13 (5.7)                    3 (7.5)                                107 (6.8)     
   Head and neck            8 (3.5)                     4 (10.0)                               67 (4.3)      
   Hepatobiliary            15 (6.5)                    2 (5.0)                                46 (2.9)      
   Dermatologic             4 (1.7)                     0                                      35 (2.2)      
   Others                   8 (3.5)                     1 (2.5)                                66 (4.2)      
  Cancer stage                                                                                               
   Stage 0/I/II             81 (35.2)                   22 (55.0)                   0.01744    815 (52.0)    \<0.0001
   Stage III/IV             149 (64.8)                  18 (45.0)                              752 (48.0)    
  Present status                                                                                             
   Alive                    75 (32.6)                   15 (37.5)                   0.82214    864 (55.1)    \<0.0001
   Died within 3 months     11 (4.8)                    2 (5.0)                                73 (4.7)      
   Died after 3 months      144 (62.6)                  23 (57.5)                              630 (40.2)    
  Causes of death                                                                                            
   Cancer-related           134 (86.5)                  18 (72.0)                   0.18835    582 (82.8)    0.00656
   Therapy-related          5 (3.2)                     0                                      16 (2.3)      
   Age-related              6 (3.9)                     3 (12.0)                               59 (8.4)      
   Pulmonary embolism       2 (1.3)                     1 (4.0)                                0             
   Other causes             7 (4.5)                     3 (12.0)                               32 (4.6)      
   Undetermined             1 (0.7)                     0                                      14 (2.0)      

**Notes:**

*P*\*, statistical differences between venous and arterial thrombosis;

*P*\*\*, statistical differences between cancer-related thrombosis versus cancer without thrombosis groups.

**Abbreviations:** GU, genitourinary cancers; GY, gynecologic tumors; BMI, body mass index.

###### 

Clinical presentation of thrombosis in cancer patients

  Clinical presentation                                     Cancer-related thrombosis                            
  --------------------------------------------------------- --------------------------- ------------- ---------- --------------
  Patients                                                  230                         40                       270
  Time to thrombosis                                                                                             
   At diagnosis of cancer                                   96 (41.7)                   16 (40.0)     0.97900    112 (41.5)
   After diagnosis of cancer                                134 (58.3)                  24 (60.0)                158 (58.5)
  Age at thrombosis                                                                                              
   ≤64 years                                                105 (45.7)                  12 (30.0)     0.06521    117 (43.3)
   ≥65 years                                                125 (54.4)                  28 (70.0)                153 (56.6)
  Type of thrombosis                                                                                             
   DVT                                                      104 (45.2)                  0             \<0.0001   104 (38.5)
   PE                                                       27 (11.7)                   0                        27 (10.0)
   DVT and PE                                               63 (27.4)                   0                        63 (23.3)
   Phlebitis                                                23 (10.0)                   0                        23 (8.5)
   Cerebral                                                 0                           27 (67.5)                27 (10.0)
   Cardiac                                                  0                           2 (5.0)                  2 (0.7)
   Intra-abdominal                                          13 (5.7)                    3 (7.5)                  16 (5.9)
   Intravascular                                            0                           8 (20.0)                 8 (3.0)
  Precipitating factors                                                                                          
   Cancer development                                       61 (26.5)                   14 (35.0)     0.05708    75 (27.8)
   Cancer recurrence                                        67 (29.1)                   12 (30.0)                79 (29.3)
   Surgery                                                  22 (9.6)                    0                        22 (8.2)
   Drug therapy                                             10 (4.4)                    4 (10.0)                 14 (5.2)
   Catheter insertion                                       27 (11.7)                   0                        27 (10.0)
   Other causes                                             5 (2.2)                     1 (2.5)                  6 (2.2)
   Undetermined                                             38 (16.5)                   9 (22.5)                 47 (17.4)
  Location of thrombosis                                                                                         
   Upper limbs                                              59 (25.7)                   3 (7.5)       \<0.0001   62 (23.0)
   Lower limbs                                              124 (53.9)                  3 (7.5)                  127 (47.0)
   Other sites                                              39 (17.0)                   27 (67.5)                66 (24.4)
   Multiple sites                                           8 (3.5)                     7 (17.5)                 15 (5.6)
  Survival following thrombosis (months)                                                                         
   Mean ± SD                                                29.8 ± 38.7                 23.1 ± 29.4   0.29175    28.8 ± 37.5
   6 months                                                 96.8%                       92.6%         0.12873    96.2%
   1 year                                                   93.4%                       88.5%                    92.7%
   2 years                                                  90.0%                       83.8%                    89.2%
   5 years                                                  43.4%                       28.3%                    41.3%
   10 years                                                 16.1%                       14.1%                    15.6%
   3-month mortality                                        47 (20.4)                   11 (27.5)     0.34743    58 (21.5)
  Survival following initial diagnosis of cancer (months)                                                        
   Mean ± SD                                                80.4 ± 99.1                 112.3 ± 156   0.08984    85.1 ± 109.7
   6 months                                                 97.7%                       99.9%         0.12873    98.1%
   1 year                                                   95.1%                       97.0%                    95.9%
   2 years                                                  95.0%                       93.6%                    94.9%
   5 years                                                  79.1%                       77.4%                    78.9%
   10 years                                                 59.9%                       66.4%                    61.0%
   3-month mortality                                        11 (4.8)                    2 (5.0)       0.82214    13 (4.8)

**Abbreviations:** DVT, deep vein thrombosis; PE, pulmonary embolism; SD, standard deviation.

###### 

Thrombophilic studies in cancer patients with and without thrombosis

  Thrombophilic testing        Cancer-related thrombosis   Cancer without thrombosis                         
  ---------------------------- --------------------------- --------------------------- --------- ----------- ---------
  Patients                     230                         40                                    1567        
  Factor V Leiden                                                                                            
   Negative                    35 (89.7)                   10 (90.9)                   0.90940   21 (95.5)   0.44048
   Heterozygous                4 (10.3)                    1 (9.1)                               1 (4.6)     
  Prothrombin gene mutation                                                                                  
   Negative                    39 (92.9)                   9 (90.0)                    0.76058   19 (90.5)   0.79648
   Heterozygous                3 (7.1)                     1 (10.0)                              2 (9.5)     
  MTHFR-A1298c gene mutation                                                                                 
   Negative                    16 (42.1)                   6 (60.0)                    0.43411   12 (52.2)   0.11249
   Heterozygous                16 (42.1)                   2 (20.0)                              11 (47.8)   
   Homozygous                  6 (15.8)                    2 (20.0)                              0           
  MTHFR-c677t gene mutation                                                                                  
   Negative                    17 (42.5)                   4 (36.4)                    0.57139   11 (45.8)   0.82562
   Heterozygous                20 (50.0)                   5 (45.5)                              10 (41.7)   
   Homozygous                  3 (7.5)                     2 (18.2)                              3 (12.5)    
  Cumulative gene mutations                                                                                  
   Negative                    6 (13.0)                    3 (23.1)                    0.35969   9 (32.1)    0.20107
   One gene mutation           21 (45.7)                   3 (23.1)                              10 (35.7)   
   Two gene mutations          17 (37.0)                   7 (53.9)                              7 (25.0)    
   Three/more genes            2 (4.4)                     0                                     2 (7.1)     

**Notes:**

*P*\*, statistical differences between venous and arterial thrombosis;

*P*\*\*, statistical differences between cancer-related thrombosis versus cancer without thrombosis groups.

**Abbreviation:** MTHFR, methylenetetrahydrofolate reductase.

###### 

Risk of developing vascular thrombosis in cancer patients (univariate and multivariate logistic regression analysis of those with and without thrombosis)

  Factors                Univariate analysis (n = 1874)   Multivariate analysis (n = 1484)                                                      
  ---------------------- -------------------------------- ---------------------------------- ---------------- ------ -------- ------- --------- ----------------
  Age                                                                                                                                           
   ≥65 years             1020                             0.013                              1.4 (1.1--1.5)   798    0.124    0.159   0.435     1.1 (0.8--1.5)
   ≤64 years             854                                                                 1.0              686                     1.0       
  Ethnicity\*                                                                                                                                   
   Caucasian             1481                             0.007                              1.7 (1.1--2.4)   1221   0.277    0.212   0.191     1.3 (0.9--2.0)
   Others                311                                                                                  263                     1.0       
  Smoking\*              0.178                                                                                                0.885             
   Heavy                 584                              0.828                              1.0 (0.8--1.4)   480    −0.070   0.171   0.681     0.9 (0.7--1.3)
   Mild                  457                              0.074                              1.3 (1.0--1.9)   383    −0.076   0.182   0.677     0.9 (0.6--1.3)
   None                  737                              1.0                                                 621                     1.0       
  Atherosclerosis                                                                                                                               
   Peripheral vascular   694                              \<0.001                            1.7 (1.3--2.2)   539    0.413    0.159   0.009     1.5 (1.1--2.1)
   None                  1180                                                                                 945                     1.0       
  Stage                                                                                                                                         
   Stage III/IV          936                              \<0.001                            1.6 (1.3--2.1)   740    0.544    0.148   \<0.001   1.7 (1.3--2.3)
   Stage 0/I/II          938                                                                                  744                     1.0       
  BMI\*                  0.055                                                                                       0.021                      
   Overweight            1024                             0.521                              0.9 (0.7--1.2)   974    0.167    0.157   0.288     1.2 (0.9--1.6)
   Under BMI             483                              0.031                              3.1 (1.1--8.8)   61     −1.744   0.733   0.017     0.2 (0.0--0.7)
   Normal BMI            69                               1.0                                                 449                     1.0       
  Constant                                                                                                           −2.430   0.259   0.000     0.1

**Note:**

Data for some cases missing.

**Abbreviations:** β, regression coefficient; BMI, body mass index; CI, confidence interval; OR, odds ratio; SE, standard error.
